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© Fomiatlon of protein micropartlcles by andsolvent precipitation. 

@ A method of fomning microparticles of a material 
which comprises bringing a supercritical antisolvent 
gas into contact with a solution of said material in a 
solvent at a controlled rate operable to expand the 
solution and precipitate the material. 
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The present invention relates to a method of 
forming protein microparticles using 9« an»jsoW^^^^ 
precipitation and to compositions of such proteins^ 
^ conventional means of administering drngs 
(eg pills and tablets) provide a single burst or 
S'ai; Of drug in the blood. This initial spike is 
followed by a decay in blood concentrat.on. Be 
cause every drug has a range of concentrafion 
below which its therapeutic effect 
above which toxic side effects occur, t is desirable 
to release the drug at a controlled rate and mm. 
Si« fluctuations. In controlled release, this js 
Tchieved by incorporating a rate-llrr,.t.ng ^ep into 
the design of the delivery system. Among «ie 
many types of controlled release systems there are 
Lrodible polymer microspheres in the range of 1 
to 50 micrometers (um). Such small microspheres 
can be injected subcutaneously or intramusculariy. 
Bioerodible polymers are materials 
raded by body fluids to non- toxic products. The 
polymer particles contain the drug of interest in 
dispersed form. Drug release occure Part'y ^s « 
result of polymer degradation inside the body. 
Systems aimed at providing spatial or tempor^ 
control of drug release in the body are referred to 
generically as controlled drug delivery devices^ 

Controlled release of proteins, such as here 
peutic enzymes, requires the formation of smaH 
particles which can be uniformly dispersed in tt^^e 
polymer matrix. Techniques to produce protein 
particles include spray drying, lyophilization. miH- 
5,g. grinding, and protein , naicronisajon 
WO/90/132. Only the last method leads to small 

""^jti W. Tom and Pablo G. Debenedetta. 
"Formation of Bioerodible M'^'Of ^'^'^^^..fj 
Microparticles by Rapid Expansion of Supercntical 
solutions-. Department of Chemical Eng.neenng. 
Princeton University. 1891. disclose a process to 
^aKe biocompatible and bioerodible polymer 
a,icrospheres. mainly polyhydroxy acids induing 
poly(L-lactic acid) (L-PLA). POivP^-^c 
acid (DL-PUV) and poly(glycolic acid) (PGA). 
Microparticles and microspheres of these polymers 
were made with the goal of being used for con- 
trolled delivery of P^^'^^^^^'^U^^Z^ 
poly(L- lactic acid) from CO2 and COa -acetone 
mixtures produced microparticles and micro- 
spheres ranging from 4 to 25 micrometers (ixm). 
Micmspheres (i-20 um) were also obtained using 
chlorotrifluoromethano as a solvent. 

The technique to produce the "t^rospherw 
and microparticles used by Tom and Debe"ed«W 
lm«,lved applying rapid «'<P«'«°" °* 4"^'" 
solutions. This was known ♦^"'^'^atson ef 
-Expansion of Supercritical Fluid Solut°ns: Sol"te 
Fomiation of Powders. Thin Films and Fibers . ina. 
eZ Chem. Res. 26. 2298 - 2306 (1987). In the 



process of rapid expansion of supercritical solu- 
tions, a nonvolatile solute is dissolved in a super- 
critical fluid. The resulting solution is highly com- 
pressible in the vicinity of the solvents cntical point, 
s Nucleation of the solute is triggered mechanically 
by reducing the solution's density through a rapid 
expansion, thereby reducing its dissolving opacity; 
Kumar et al.. "Modelling the Solubility of Solids in 
Supercritical Ruids with Density as ^e Indepen- 
,0 dent variable". J. Supercrlt. Fluids. 1988 1. 15- 
22 The combination of a rapidly propagating me- 
chanical perturbation and high supersaturation ra- 
Srieads to uniform conditions within the earner 
fluid and hence, in principle, to narrow particle size 
;s distributions into small particles. 

Chang et al.. "Solvent Expansion and Solute 
Solubility Predictions in Gas - Expanded Uquids . 
AlChE Journal, 36. No. 6. 939 - 942 (1990) dis- 
close gas antisolvent addition for liquid phase 
20 precipitation of solids. See also Gallagher ett^ 
-Gas (Gas Anti - Solvent) Recrystallization: A New 
Process to Recrystallize Compounds Insoluble m 
Supercritical Fluids". Am. Chem. Soc. Symp. Ser.. 
No. 406 (1989). 
25 Chang et al. disclose recrystallization of ac- 
etaminophen from butanol and ^-carotene frorn 
toluene using CO*. The CO2 was charged at the 
top of the column or reservoir containing the solu- 
tion to be gas expanded. 

^ BRIEF DESCRIPTION OF THE DRAWINGS 



Rgure 1 is a schematic drawing of an experi - 
mental apparatus for the gas antisolvent recrystal - 
35 lization and liquid expansion useful in the^^) 
Invention. In Figure 1 "V" represents valves. P 
represents pressure sensors. "TP represent 
temperature sensors. Back pressure regulators, 
rotameters, filters, check valves, metenng valves. 
^ shut-off valves, rupture discs, and heat exchang- 
ers are depicted witii conventional symbols. 

Figure 2 is a microphotograph magnified 8.000 
times showing catalase particles made in Example 
1 the particles collected on the glass slides upside. 
4s Figure 3 Is a microphotograph of the same 
material as in Figure 2 having a magnification of 

^^'°Rqure 4 is a microphotograph of the same 
material as in Rgure 3 where the particles are 
60 collectedonafilterandmagnifiedi0.000t»ne8^ 

Rgure 5 is a microphotograph as recited in 
Rgure 4 magnified 15.000 times. 

Figure 6 is a microphotograph of the Insulin 
particles made according to Example 2 magnified 
58 10.000 times and collected on a filter. 

Rgure 7 is a microphotograph of insulin par- 
ticles made in Example 2 magnified 5.500 times 
and collected on a filter. 
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Description 



Referring to Figure 1. a solution of dissolved 
.ate^lrVa proteins 
source 14 (In which the solution can be preparea 
an^s ored) is fed to crystallizer 10. The soimlon 
s fed Sirough suitable flow metering means^such 
I rotameter 30 and high pressu^ Lqu'd pump 32 
TTia oressure can be controlled using a back 
^essureTulator 34. The solution can be brought 
Tthe desi?ed temperature by a suitaWe heatmg 
means such as coils 36. which are kept at the 
ir^perature by circulating air. Heating can 
fe'tird'bTSrip heaters and forced drcuiation 

""ihe pressurized solution is fed to cn^stallizer 
chamber 20. Preferably, it is injected into the op 0^ 
me crystaill^er through a laser-drilled platinum 
S'sc 53 to produce a fine sp-y of ^u.on drople 
in the crystallizer chamber ^^J^^^l""""';^' 
have at least one orifice to produce a ^ne spray^ 
Typical the orifice is from 5 to 50 and P «»e^ably 
from 10 to 30 and most preferably from 15 Xo W 
miaometers in diameter. Preferably the soluton 
TaSl fomi of a plurality of droplets having a 
aameter of from 10 to 500 um. at least one 
cSInuous fine stream having a diameter of less 
Sn 1 millimeter, or a thin film having a thickness 
of less than l millimeter. 

An antisolvent gas is fed from antisolvent gas 
tank 18 to an antisolvent gas compression pump 
r^ie gas pressure can be controlled by a g^ 
back- pressure regulator 42. The temperature o^ 
me anSvent in tlnk 18 will range of from 0 to 
J,C p eferably from 20 to 30C. such as quj 
SiSon dioxide at 25C. The antisolvent is cooled in 
hS "Changer 44 with solvent Pump 40 n„gn_g 
the liquid antisolvent to supercntical Pfas^ure^ 
cess solvent In the gas stream can recycle back to 
the liquid inlet side of the pump 40. ^ _ 

Typical conditions at the outlet of pump 40 a e 
,rom S to 45<5 and more preferably from 30 to 
40 C and 60 to 200 atmosphere pressure, more 
Lerably 100 to 150 atmosphere P^'Sfure. The 
Snoressed antisolvent is fed through suitable 

Si means, such 

46. Optionally, there can be additional th«n^os^^at 
Z means such as coils 48 between solven pump 
'iM crystallizer 10. The superaitlcal antisolverrt 
nas then is fed to crystallizer chamber 20 at a 
Stalled rate so as to contain a continuum of 

'''TZ^^ Chamber 20 the supercnfica. 
antisolvent gas dissolves in the protein soUrtiona a 
controlled rate depending on the stream or dr<vlet 
geometry, temperature and concentraton. As so 
K ex^ds. the soluble material Prec-P'tates 
oTuse Ta continuum ol supercritical fluid and 



passage of a fine stream, film, or droplets through 
rsJpercritical gas results in rapid «cpj»ond 
me liquid solution and precipitation of the ^^"^ 
materialas extremely fine particles less than 10 
. r^meters in equivalent diameter and preferably 
' Srtht?l?preferab.ylessthan3.».d^^^^^ 
nreferably less than 1 micrometer in diameter. 
'pSai for soluble material which precipiUrtes 
S^in a globular shape. Needle - like precipitates 
,c have a dLeter of less than about 3 and more 
preferably less than 1 micrometer with a length of 
fesVman 5. and preferably less than 3 rnicrom- 
eters The rapid precipitation results in a narrow 
^cle distribution as exemplified and shown in 

" ''^Te'depited solution and spent supercn^ca. 
antisolvent gas are fed to depressunzatoon tenk 22^ 
to be brought back to ambient conditions. The 
precipitated crystals are collected from me 
M crvstallizer 10 at crystal collection port 26. The 
c^Sls can be collected by any suitable means, 
such as on a filter andtor a glass plate. 

A fluid mixture of spent solvent and super- 
critical fluid can be collected from the bcrttom erf 
25 me crystallizer chamber 20 through line 50. The 
' JuVmlxture passes mrough valve W to cdlechon 
tank 52 mrough valve V4 to depressuru^afton tank 
22 where the mixture is depressunzed and ex 
panded to atmospheric pressure. 
,0 The system should be sized to handle pres- 
sures of up to 6000 psi. and preferably in me range 
o Tom lospheric pressure to 6.000 psi from 
L^ratures ranging from 20C to 60C and pref- 
erablv 30 C to 50 C. ^ . 

35 Different flow patterns can be used in crystal - 
lizer 10. The direction of antisolvent supercntical 
ias flow in the crystellizer (upward or downward 
?an be detemiined by the valves before and after 
m^ crystallizer. For upward flow in me cryste^H^r 
« v2ve V2 and valve V3 are open, and valve ^ Jid 
valve V4 are ctosed. Where the anfsolventfluid « 
,0 flow downward the valves are 'a^a^sed. The f ow 
of protein solution can be cocurrent or counfa^cur - 
Z to the flow Of antisolvent fluid. In the pretened 
45 embodiment wim continuous operation, prrtein 
solution is pumped into me crystallizer by high 
^Zre liqSd pump 32 and ite instantaneous ftow 
?ate is measured by the liquUl rotameter 30jhe 
pressure is controlled using a backpressure r^- 
.« lator 34 and pressurized protein soluton is iniected 
" S *e top of the crystallizer. The anfl^'^jnt g» 
is also injected into the top of the crystallizer for 
co^rt flow of bom the supercritical solvent f uld 
Sum through the crystallizer and the prc^em 
S5 solution mrough the crystellizer. bo^ from top to 
bottom. The crystallizer can be operated in l»^cn. 
Smi -batch o7continuous operation. The solution 
Soluble material can be passed mrough cocur- 
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rently or countercurrently in relation to a continuum 
stream of antisoivent supercritical gas. 

Suitable soluble material are protein, parttcu- 
larly hydrophobic enzymes such as insulin ca^a- 
,ase. adrenocorticotrophin hormone, aiid perox 
iLe. The method has applicability however, to 
virtually any protein and is not dependent on 
chemical structure or biological activity. 

useful solutions for the protein compnse a, 
least one non-«?ueous solvent suchs as ethanol, 
SaSSe dimethylsulfoxide. tetrahydrouran 
aS acii, dimethylfonnamide. ethylene glycol, 
liquid polyethylene glycol and d""«t»'y'""""®- . 
^ SupJcritical gases which can be used mclude 
(With an indication of its critical temperatures CC) 
and critical pressures (atm)) include ethane (322C. 
48.1 atm). ethylene (9.21 C 39.7 atm): suHu h^- 

afluoride (45.5C. 37.1 ««^)- "'^^ °^t8?^5n) 
71 7 atm) chlorotrifluoromethane (28 C. 38.7 atm). 
and monofluoromethane (44.5 C. 58 A solu - 
tion of water and ethanol has been used. However 
the presence of water in such solutions has been 
found to lower the production of small particle 

'''"Taccordance with the present invention there 
is obtained a protein composition having protein 
pa^S^s wherJin substanti^lv ail of the Prote. 
particles are artificially isolated and ha^an 
Suivalent diameter of less than 5. more preferably 
iess than 3. and most preferably less than 1 mi- 
crometer. The protein composition has a narrow 
particle distribution shown in Figures 2 7 7- These 
proteins have unifom, or controlled chemical com - 
Positions. Therefore, samples of a composition 
insisting essentially of a desired protein can be 
isolated and made. 

The isolated proteins of the present invention 
can be used to make temporal drug release com - 
positions. Such compositions can compnse a 
bioerodible polymeric matrix and at least one pro- 
tein having an equivalent diameter of less than 3 
rcrometers. Preferred polymers are polyhydroxy 
acids such as those selected from the group con - 
sting of polyd-lactic acid). POlylD-l-'actc ac^ 
and poly(glycolic acid). The composmon can 
comprise for 0.1 to 50 weight percent of the pro 

**'"'preferably the drug release compositions con- 
tain a polymer matrix having a continuum of 
bioerodible polymer matrix with the protein par- 
ticles dispersed therewith. Such pertides can be 
made by means known in the art as discussed 

'^Following are several Examples which illustrate 
the nature of the invention and tiie manner of 

''^SX xo Figure 1. liQuid carbon dioxide in 
solvent tenk 18 was compressed by high pressure 



liquid pump 40 which was an American Lewa 
Sunger Metering Pump. Model EL-1: rated 
6,OoS psi and 2 gallons per hour. The pressure was 
controL by a back-pressure regulator 42 which 
, wM a Tescom. Model 54 - 2100 Senes. rated at 
6,000 psi. The compressed carbon dioxide was 
ntroduced into a see - through cry^zer 0 
which was a Jerguson Gauge Mo^«' ^.'J 
steiniess steel 5.000 psi. 1.3 centimeter by 1.3 
,0 centimeter. 31.8 centimeter long f ^^^J 

meter through micrometenng valve 46 which w^ 
an Autoclave Engineering Micrometenng Vajve 
60VRMM. The pressurized carbon dioxide was 

preheated in coiled tubes 48. 
« The pressure in the crystallizer was indicated 

by a crystallizer pressure gauge 54 which was a 
Bourdon Gauge. Omega Model PGJ-45B-5000. 
rated at 5000 psi. and controlled by back" pres- 
sure regulator 59 which was a Tescom 28-i70u 
M Varies rated at 6,000 psi. 

^'eTotein solution from protein solution tank 
14 was pumped in continuous operation by a high 
pressure pump which was a Milton Roy LOG Du - 
plex Metering Pump. The instenteneous fkjw was 
25 measured by liquid rotameter 30 which was a Fi - 
X and Porter: Model 10A6132. 0-14 cubic 
centimeters per minute of water flow. The pressure 
of the protein solution was controlled using a 
back-pressure regulator 34 which was a Tescom; 
30 26-1700 Series. 10.000 psi rated regulator. The 
protein solution was preheated in coiled tubes 36. 

The pressurized protein solution was iniected 
into the top of the crystellizer 10 *~«^'V« J^!;; 
drilled platinum disc 53. Ted Pella: 3 mm 00 x 
36 0.24 mm thick; 20 micrometers in diameter. 

At the bottom of the crystallizer ttie protein 
particles were precipitated and deposited on an 
inclined glass slide after crystallization. The pl^e 
of the glass slide 55 was at a 10- angte to ttie 
40 direction of the protein solution flow. Addition^ly. a 
filter 57. Mott Metellurgical; 316 Stainless Steel 1.6 
centimeters In diameter. 0.5-2 micrometer pore 
sfze was located below ttie glass sUde to coHect aH 
the protein particles. A ttiermocouple 56. Omega 
« Engineering Type J. was placed in the middte of 
the crystallizer to monitor the temperature. 

Protein particles collected on the glass slides 
were examined through a Cart Zeiss Univei^al 
Optical Microscope and a Scanning Election 
so SLscopy JEOL JSM-840A. wi* s«npl^ 
coated with gold-palladium. The particles on the 
microfilter wero also examined wtth ttie Scanning 
Electron Microscope. 

The fluid mixture of carbon dtoxide. ethanol 
ss and water coming out of ttie crystallizer was de- 
p^ssurized and Expanded to atmospheric pressuro 
by passing through a cylindrical depressunzing 
tank 22. Swagelok. 150 ml, 5.000 psi and back- 
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pressure regulator 58. Tescom. 26-1700 Series, 
rated at 6,000 psi. , , . 

The instantaneous and total flow rates of solirte 

free CO, gas were measured l^""" 
(Bscher and Porter; Model 10A4555. 0 - 3.35 
SCFM AIR and dry test meter 62. American Meter: 
Model DTM200A. respectively. 

During the experiment the normal flow rates (rf 
protein solutipn and antisolvent gas were 0.35 
cm'/min and 35g/min. respectively, and typical 
operating time was 4 hours for continuous opera- 
tion The whole system was enclosed m an air 
chamtjer where temperature was controlled using a 
PID temperature controller, Omega Engineenng 
Model CN9000. and strip heaters. 

To measure the expansion behavior of coj - 
ethanol solution. 20 mis of ethanol solution was 
preloaded into the crystallizer and pressure was 
increased by 200 psi increments through valves V2 
and V7 Gas solvent was then circulated through 
valve V8. crystallizer 20 and valve V5 using a high 
pressure compressor (Haskell; Double Acting Sin - 
gle Stage Model ACD-62) with closed valves V6 
and V7 until the system reached the equilibnum 
state and the liquid level remained constant. 

Example 1 



Catalase particles. Rgures 2-5. were made 
having an equivalent diameter of less than 1 Im. 

A solution of 20 mg catalase (from bovine 
liver) [Sigma Chemicals C-40) in 200 ml of 90% 
ethanol (Pharmco Products Co.. 200 proof) and 
10% water (deionized through a reverse osmosis 
apparatus. Hydro Picosystem) was used. The pH of 
the solution was adjusted to 3.22 with hydrochlonc 
acid. 

Uquid carbon dioxide (MG Industries: Bone- 
dry grade. >99.8%) was compressed by a high 
pressure liquid pump 40. The delivery pressure 
(1600 psi) was conttolled by a back -pressure 
regulator 42. The pressurized liquid was preheated 
to a supercritical temperature (35C) and flowed 
through coiled tube 48 before entering the crystal - 
llzer 10. The system was enclosed and ther- 
mostating was achieved by circulating hot air under 
temperature control (Omega Engineenng Model 
CN9000). with heating provided by stnp heaters 
The see -through crystallizer chamber 20 was kept 

at 35 C. . , 

The supercritical fluid was fed to the crystal- 
lizer through a micrometering valve 48. with valves 
VI and V4 open; and V2 and V3 closed. The 
pressure inside the crystallizer was kept at 1300 
psi by back -pressure regulator 59. The instanta- 
neous and total flow rates of supercritical fluid were 
measured with rotameter 60 and dry test meter 62. 
respectively. The flow rate of the supercritical fluid 



was 33 g/min. 

The liquid solution containing the enzyme was 
pressurized and circulated by liquid pump 32 and 
back -pressure regulator control (1430-1530 
s psi) The solution circulated through coil 36 and 
was preheated to 35-C. It entered the top of the 
crystallizer through a laser-drilled platinum disc 
(Ted Pella: 3 mm 00 x 0.24 mm thick; 20 urn), 
and emerged as very small droplets. The liquid 
,0 fkw rate was 0.35 cc/min. The liquid and super- 
critical streams circulated cocurrently downwards. 

The fluid mixture of carbon dioxide, ethanol 
and water exiting the crystallizer was depressurized 
and expanded to atmospheric pressure by flowing 
75 through cylindrical depressurizing tank 22. and 
back - pressure regulator 58. 

The supercritical fluid expanded and eventually 
dissolved most of the liquid solvent, causing the 
enzyme particles to precipitate. The particles were 
20 collected on an inclined glass slide located at the 
bottom of the crystallizer. forming an angle of ap- 
proximately 10- to the direction of the protein so- 
lution's flow. Particles were also collected on a filter 
(Mott Metallurgical; 316 Stainless Steel. 1.6 cm 
25 diameter. 0.5 um pore size). The carbon dio)dde 
outlet was located approximately 8 cm ^^^^ 
filter. The duration of the experiment was 260 

Figures 2 and 3 are particles collected on the 
30 glass slide's up side (facing the nozzle). Figures 4 
and 5 are particles collected on the filter. 



Example 2 

35 The pH of a solution of 20 mg zinc insulin 
(Miles: low endotoxin 86 - 003] in 200 ml of 90% 
ethanol (Pharmco Products Co.. 200 proof) -10% 
water (deionized through a reverse osmosis ^- 
paratus. Hydro Picosystem) was adjusted to 2.56 

40 with hydrochloric acid. 

Uquid cart)on dioxide (MQ industries; Bone- 
dry grade.>99.8%) was compressed by a high 
pressure liquid pump 40. The delivery pressure 
(2000 psi) was controlled by a back -pressure 

45 regulator 42. The pressurized liquid was preheated 
to a supercritical temperature (35C) as it flowed 
through coiled tube 48 before entering the crystal - 
lizer 10. The system was enclosed, and ther- 
mostatting was achieved by circulating hot air un- 

50 der temperature control (Omega Engineenrig 
(Model CN9000). with heating provided by stnp 
heaters. The see -through crystallizer chamber 20 

was kept at 35 C. 

The supercritteal fluid was fed to the crystal - 
55 lizer through a micrometering valve 46. with valves 
1 and 4 open; and 2 and 3 closed. The pressure 
inside the crystallizer was kept at 1300 psi by 
back-pressure regulator 59. The instantaneous 
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and total flow rates of supercritical fluid were 
measured with a rotameter 60 and dry test meter 
62. respectively. The flow rate of the supercritical 
fluid was 35.6 g/min. 

The liquid solution containing the enzyme was 
pressurized and circulated by liquid pump 32 un- 
der back -pressure regulator 34 control (1450 
psi). The solution circulated through coil 36 and 
was preheated to 35C. It entered the top of the 
crystalllzer through a laser - drilled platinum disc 
(Ted Pella; 3 mm OD x 0.24 mm thick; 20 ixm), 
and emerged as very small droplets. The liquid 
flow rate was 0.39 cc/mln. The liquid and super- 
critical streams circulated cocurrently downwards. 

The fluid mixture of carbon dioxide and water 
exiting the crystalllzer was depressurized and ex- 
panded to atmospheric pressure by flowing through 
cylindrical depressurizing tank 22 and a back- 
pressure regulator 58. 

The supercritical fluid expanded and eventually 
dissolved most of the liquid solvent, causing the 
enzyme particles to precipitate. The particles were 
collected on an inclined glass slide located at the 
bottom of the crystalllzer. forming an angle of ap- 
proximately 10 to the direction of the protein so- 
lution's flow. Particles were also collected on a filter 
(Mott Metallurgical; 316 Stainless Steel, 1.6 cm 
diameter. 0.5 Itm pore size). The carbon dioxide 
outlet was located approximately 60 mm below the 
filter. 

The duration of the experiment was 296 min- 
utes for cartjon dioxide input, and 237 minutes for 
liquid input, followed by 17 minutes of liquid solu- 
tion flow without dissolved enzyme. 

Figures 6 illustrates particles collected on the 
filter which were needlelike having a diameter of 
less than 1 um and being less than 3 um. Rgure 7 
illustrates particles collected which were globular, 
having an equivalent diameter of less than about 1 
ixm. 

While exemplary embodiments of this invention 
have been described, the true scope of the inven- 
tion is determined from the following claims. 

Claims 



4. The method of claim 2 wherein the protein is 
selected from the group consisting of insulin, 
catalase, adrenocortlcotrophin hormone and 
peroxidase. 

5 

6. The method of claim 2 wherein the protein 
solvent Includes at least one of ethanol. 
dimethylsulfoxide. tetrahydrofuran, acetic acid, 
formamide. dimethyl- formamide, ethylene 
TO glycol, liquid polyethylene glycol and 
dimethylaniline. 

6. The method of claim 2 wherein there is at least 
one antisolvent gas includes at least one of 
IS cartjon dioxide, ethane, ethylene, sulfur hex- 
afluoride. nitrous oxide, chlorotrifluoromethane 
and monofluoromethane. 



20 
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7. The method of claim 2 wherein the antisolvent 
gas is added at a rate sufficient to precipitate 
substantially all of the particles at a particle 
size of less than 5 urn equivalent diameter. 

a The method of claim 7 wherein the protein 
forms generally globular particles having a 
equivalent diameter of less than 1 um. 



9. The method of claim 7 wherein the protein 
forms needle -like particles having an average 

30 diameter of less than 1 um and a length of 
less than 3 um. 

10. The method of claim 1 wherein solution is in 
the form of droplets. 
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11. The method of claim 1 comprising continu- 
ously passing a plurality of droplets cocurren- 
tly with a stream of antisolvent gas. 

12. The method of claim 1 comprising continu- 
ously passing a plurality of droplets counter - 
currently with a stream of antisolvent gas. 



1, A method of fomning microparticles of a ma- 
terial which comprises bringing a supercritical 
antisolvent gas into contact with a soiutlon of 
said material in a solvent at a controlled rate so 
operable to expand the solution and precipitate 
the material. 



2. The method of claim 1 whereinthe material is a 

protein. 

3. The method of claim 2 wherein the protein is a 
hydrophobic enzyme. 
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supercritical fluids.' 
page 141 ; column 2 ; 

* abstract * 

& ACS Symp.Ser. 1989, 406, 334-54. 



1 

2-12 



C07K3/00 
A61K9/16 
C07K3/24 



2-12 



naiNicALniLDS 





A61K 
C07K 



BERLIN 


DUiaf CMvMnaf tti atMfe 

16 FEBRUARY 1993 


AVEDIKIAN P.F. 


CATBGOiy OF ORD DOGUMI 

X : iirtlfaliily ntavtBl If tik« alCM 
Y : ftftf^ariy NimM if MfeM iM n 

0 : M^^iriM <IMtaa« 
P:lBMnMiisttiocaMM 


m T:A«yorpih$Uo4iAHj^lfcjlwy^ 
a ; itUr fdm <d— ^ wtt pnMliiM 00i or 



